In this work we assess the existence of a S-Curve pattern in ten Central and Eastern European Countries (CEEC-10) for the relation between the trade balance and the terms of trade. Empirical results support the existence of this curve for Slovenia, Czech Republic, Hungary, and also for an aggregate of the ten transition countries. In the case of Lithuania, Poland, Romania, and Slovakia the pattern is weaker than in the mentioned countries but it stills prevails. We then document this property of business cycles in the dynamic general equilibrium trade model of Backus, Kehoe, and Kydland (1994) calibrated specifically to match the CEEC-10 aggregate economy. Results support the existence of a S-Curve, except when technology shocks are absent and domestic and imported goods are perfect substitutes.
Introduction
In this work we empirically assess the existence of a S-Curve relation between the terms of trade (or the real exchange rate) and net exports in ten Central and Eastern European Countries , and analyze our empirical findings, calibrating the dynamic general equilibrium trade model of Backus, Kehoe, and Kydland (1994) to match parameter values for an aggregate (CEEC-10) of the economies at study.
Before we characterize a S-Curve pattern, we must first define a related concept -The J-Curve. The J-Curve phenomenon is observed in the data when the trade balance of a given country gets worse immediately after a real currency depreciation, due to some time lag between order and delivery of imports, which are paid on a higher price after the depreciation. Empirical studies have revealed that in developed economies this event usually lasts between 6 month and one year. Hence the existence of a J-Curve makes realignments in exchange rates less predictable, increasing the volatility and uncertainty, especially regarding the consequences on output, export competitiveness, and real convergence. Seminal studies about the J-Curve can be traced back to the works of Junz and Rhomberg (1973) , Magee (1973) , and Meade (1988) . The S-Curve pattern as mentioned in the work of Backus, Kehoe, and Kydland (1994) is a similar definition to the J-Curve, but instead of only studying the existence of negative past and contemporaneous correlations between the terms of trade and net exports, in order for a S-Curve pattern to exist, positive correlations between the two variables must emerge in the future.
The ten Central and Eastern European Countries (CEEC-10) which in recent years joined the European Union (EU) -Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, and Slovenia -are going through a transition process, being the ultimate goal real convergence towards EU levels. The study of the S-Curve phenomenon for these countries is useful for several reasons. First, uncertainty about the impact of exchange rates depreciations caused by the existence of a S-Curve in these small open economies can undermined the convergence process, since economic growth in 2 recent years for these countries is mostly export-oriented. Second, since these economies have, sooner or later, to join the euro, constant depreciations and uncertainty about their final impact on the economy, can potentially increase volatility in their transition path towards the euro. Third, the timing of euro adoption or even the entrance in to the Exchange Rate Mechanism (ERM II) can be more difficult to pin down since volatility of exchange rates, its impact on the economy, and constant deficits in the trade balance are reasons to delay those decisions.
Literature about transition countries at study and the connection between the trade balance and the terms of trade is still very scarce and empirical. Some studies focused mainly on determinants of the current account, for example Other studies focus mostly on the impact of exchange rates on economic growth. Kemme and Teng (2000) find evidence that misalignments in real exchange rates tend to undermine export growth in Poland. Égert and MoralesZumaquero (2008) found evidence of the same but for the case of nominal ex-3 change rates across ten Central and Eastern European countries. BahmaniOskooee and Kutan (2008a) try to assess, for seven of our ten economies (except Bulgaria, Romania, and Slovenia) if exchange rate depreciations are output contractionary or not. They find that in the short-run a depreciation benefits Latvia, Poland, and Slovakia, since exports are reacting more, but is harmful for Czech Republic, Estonia, and Hungary, having no effect in Lithuania. In this work, besides contributing to the increasing empirical literature about the connection between the terms of trade and net exports, we also analyze this relation for Central and Eastern European Countries in a dynamic general equilibrium trade setting, calibrated specifically to replicate economic characteristics for an aggregate of these countries (CEEC-10). This framework has never been used in the literature to study this topic for the case of these countries.
In the next section we will present empirical motivation for the ten countries at study. Section 3 presents the model and section 4 the calibration exercise for these countries. Section 5 analyzes the results of the benchmark and robustness analysis simulations, and compares those with empirical evidence found in section 2. Finally, section 6 concludes. D a t a S o u r c e s : N e w C r o n o s ( E u r o s t a t ) a n d C h e le m . A ll va lu e s p r e s e n t e d r e fe r t o 2 0 0 7 , e x c e p t f o r t h e c a s e o f t h e im p o r t s h a r e , w h ich is 2 0 0 6 . y is net exports in % of GDP at current prices, y is GDP at constant prices, and p is the terms of trade, calculated as the ratio of the implicit import deflator over the implicit export deflator, contrary to the standard definition used in international economics, but in line with the definition of real exchange rates used in macroeconomics. 1 The last row of this Correlations between y and nx y are always negative, at the exception of Romania, as it is standard in the literature, emphasizing the strong connection between income and imports. The correlation between GDP and the terms of trade does not present a clear trend, but it is, most of the time, positive. In eight of our ten countries (except Bulgaria and Hungary) the contemporaneous correlation between net exports and the terms of trade is negative. This means that whenever there is a real depreciation, the trade balance worsens, which can be an evidence of the existence of a S-Curve phenomenon in these countries. To better assess the connection between net exports and the terms of trade we calculated correlations between the two variables, i.e., p t and ( nx y ) t+k for lags and leads of 8 periods each, which can be seen in Figure 1 .
A S-pattern emerges in Slovenia, Czech Republic, and Hungary. In the case of Lithuania, Poland, Romania, and Slovakia the pattern is weaker than in There are two countries in the world, designated by country 1 and country 2, inhabited by infinitely lived and identical individuals. Country 1 is an aggregate representing average economic conditions of the ten transition countries at study (which we designated by CEEC-10) and country 2 is Germany. The CEEC-10 aggregate represents about 70% of the German economy.
Labor is immobile between countries and each country produces a different good, which it sells to the other country. The model is stochastic in nature, hence technological and government consumption shocks can hit the economy.
Preferences
In each period t and country i preferences for consumers are expressed in the following way:
where
and c it is consumption and n it are hours worked in each country. β is the rate of intertemporal discount, μ is preference for consumption, and γ is the curvature parameter that also defines the value of the relative risk aversion coefficient.
Technology
Each country produces a specific good, designated by a and b, respectively for country 1 and 2. These two goods are produced using capital (k it ) and labour (n it ) and can be sold in both countries, represented by the following resource constraint:
where equations (2) and (3) are for country 1 and 2, respectively. F (k, n) = k θ n 1−θ is a Cobb-Douglas production function, θ is the capital share parameter, y it is GDP of country i, and z 1 and z 2 are stochastic technological shocks of country 1 and 2, respectively.
The evolution of the capital stock is determined by:
where δ is the depreciation rate and s i,t−J+1 are planned additions to the capital stock of country i in period t + J. In each period, total expenditures on investment (I i,t ) is the sum of capital expenditures on all currently active projects:
a 1 and a 2 are respectively production of the good a sold in the domestic and in the foreign economy, with analogous in country 2. Hence a 2 are exports of country 1 and b 1 are exports of country 2. The domestic and imported goods are used to meet consumption (c it ), investment (I it ), and government consumption (g it ) demands in both countries:
ρ defined as the Armington aggregator due to a seminal paper of Armington (1969) and σ = 1 1+ρ is the elasticity of substitution between foreign and domestic goods. i represents the weights of the domestic and foreign production on the aggregate demand for each country.
Shocks
Producers of the specific good in both countries are hit by technological shocks that involve according to: Government consumption in both countries is also stochastic and follows: 
Important Identities
We need some equations that define output, terms of trade, and net exports, in order to analyze and compare its behaviour vis-à-vis empirical data.
Output (y it ) is expressed as the sum of the goods produced for domestic and foreign markets in equations (2) and (3), and the Armington aggregator expresses expenditure components as a function of domestic and imported goods 11 in equations (5) and (6) . Since the Armington aggregator is homogeneous of degree one, we have in equilibrium for country 1 (analogous for country 2):
where q 1t and q 2t are respectively the price of the domestic and imported good.
Using the resource constraint (2) we can relate both equations getting y 1t as function of internal demand and net exports:
where p t is the terms of trade, as measured in the data, i.e.:
Terms of trade are calculated, in the case of country 1, from the marginal rate of transformation between the two goods:
The trade balance is the ratio of net exports over output:
Calibration
We calibrated the above described model in order to replicate the average long run values for the aggregate of the ten transition economies (CEEC-10) at study.
In this case where the economies under study are transition countries, calibration is a rough exercise. We use the calibration methodology suggested by Prescott (1986) and Cooley (1995) . When needed, X12-ARIMA was used to remove seasonality and the Hodrick-Prescott filter was used to detrend the data. Results for the parameters are reported in Table 4 , at the end of this section.
Preferences
The discount factor β is calculated using annual data between 2001 and 2007, later turned into quarterly values, from AMECO, a European Commission an-
, where r LT is the real long term interest rate for government bond yields, which was deflated using the consumer price index.
Time dedicated to work (n) is calculated as the ratio of average hours worked in a week by the number of available hours to work in a week (14x7), multiplied by the employment rate. Data for average hours worked in a week and the employment rate were taken from the Labour Force Survey (LFS) of the Eurostat.
We set μ = n.
The curvature parameter (γ) is set to −1 as in Backus, Kehoe, and Kydland (1994) since their value is based on empirical studies and this is a commonly used value in the literature.
Technology
We assume a value for the capital share (α) of 0.36. The work of Gollin (2002) points The elasticity of substitution between home and foreign goods is defined as
. Some studies, like that of Whalley (1985) , found this elasticity to have a range between 1and 2. We choose the value of 1.5 since it is standard in the literature and later on we perform a sensitivity analysis to this parameter.
For calculating the 1 and 2 parameters we need data for the import share. These two parameters represent respectively, the weights of domestic and imported goods. We used annual bilateral trade data from the CHELEM data base for 1992-2006 to calculate the import share. This is calculated assuming that there are only two countries in the world, the group of the ten transition 13 countries (CEEC-10) and Germany.
Shocks
The technological shocks are common to all producers of each country, following a stochastic process. We estimate a V AR [1] for the CEEC-10 group and Germany for the period between 2001:01-2008:02 using Eurostat Quarterly National Accounts. Solow residuals were estimated using labour data only, since quarterly capital stock data is not available for the majority of these countries.
Government consumption shocks are also modelled as stochastic processes and we also estimate a V AR [1] between the CEEC-10 group and Germany. We choose the value of the variance of the shocks in order to reproduce the volatility of the GDP for the CEEC-10 found in empirical data. Table 4 presents a summary of the values for the benchmark parameters. Table 4 in the previous section. Changes in the simulations were the following -large elasticity (σ = 2.5), small elasticity (σ = 0.5), perfect substitutes (σ = 100), large trade share (import share = 20%).
Standard deviation for the trade balance and the terms of trade are consistently lower than the ones presented in the data. We made an experiment where we increased the import share for these countries, and another where domestic and imported goods were perfect substitutes and volatility for net exports substantially increased. This feature also occurred in the article of Backus, Kehoe and Kydland (1994), but in the developed countries analysed there, net exports and output are less volatile and terms of trade are more volatile than here.
Output volatility is reasonably predicted by the model.
Since technology shocks are not much persistent, autocorrelation for these variables are not much persistent in the majority of the simulations, except for the case of the terms of trade. 2 However, it is worth noting that autocorrelations obtained from the model are in line with empirical evidence from the group of countries in study.
Correlations between these three variables in the benchmark economy exhibit a similar pattern observed in the data: correlations between net exports and output are negative, due to the strong volatility of investment that forces the economy to buy more imported goods after an increase in output due to a positive technology shock. This is also the reason why a S-Curve pattern appears in the model in most simulations (a negative contemporaneous correlation between the terms of trade and net exports). Even with a positive technological shock and an increase in the terms of trade (in the real exchange rate) due to a decrease in domestic prices, an investment boom forces the trade balance into a deficit. This is a reasonable explanation, especially for transition countries which are in much need of investment. Figure 3 shows this pattern for the benchmark economy. The same pattern is found in all simulations, except "Government Shocks" and "Perfect Substitutes". 3 Except for these two simulations, the model seems to be quite robust to changes in the value of parameters. 2 We experimented using the values of technological shocks used in Backus, Kehoe, and Kydland (1994) and persistence increased. Results are available upon request. In the center for the S-Curve explanation is the impact of technological shocks both in terms of trade (positive) and in the trade balance (negative, through investment). Since technological shocks are determinant in explaining the S-Curve pattern and transition countries seem to be experiencing some type of technological shocks, it is not likely that this pattern will fade away in the near future and hence it is important for economic policy to be aware of this phenomenon and its consequences for these countries in terms of real convergence and the timing of euro adoption.
